Using the theory of coincidence degree, we establish existence results of positive solutions for higher-order multi-point boundary value problems at resonance for ordinary differential equation 
Introduction
In recent years, the multi-point boundary value problem BVP for second-or third-order ordinary differential equation has been extensively studied, and a series of better results is obtained in 1-10 . But the multi-point boundary value problems for higher order are seldom seen 11, 12 . In this paper, we consider the following higher-order differential equation: u n t f t, u t , u t , . . . , u n−1 t e t , t ∈ 0, 1 , 1.1 with one of the following boundary conditions:
Boundary Value Problems
For certain boundary condition case such that the linear operator Lu u n , defined in a suitable Banach space, is invertible, this is the so-called nonresonance case, otherwise, the so-called resonance case 2, 9, 10, 12 .
The purpose of this paper is to study the existence of solutions for BVP 1.1 , 1.2 and BVP 1.1 , 1.3 at resonance case, and establish some existence theorems under nonlinear growth restriction of f. The boundary value problems 1.1 , 1.2 and 1.1 , 1.3 with n 2 have been studied by 8 . Our results generalize the corresponding result in 8 . Our method is based upon the coincidence degree theory of Mawhin 13, 14 . Finally, we also give some examples to demonstrate our results. Now, we will briefly recall some notations and an abstract existence result.
We denote the inverse of that map by
The theorem we use is of 13, Theorem 2.4 or of 14, Theorem IV.13 . 
Then the equation Lx Nx has at least one solution in dom L ∩ Ω.
We use the classical space C n−1 0, 1 , for x ∈ C n−1 0, 1 , we use the norm
. . , n − 1, and denote the norm in Z L 1 0, 1 by · 1 . We also use the Sobolev space
Throughout this paper, we assume that the β j 's have not the same sign, or there exist
Main results
In this section, we will firstly prove existence results for BVP 1.1 , 1.2 . To do this, we let 
with
where
Since the equation For v ∈ Z, taking the projector
Let
2.14 Hence L is a Fredholm operator of index zero. Taking P : Y → Y as follows: In fact, for v ∈ Im L, we have
and for all u ∈ dom L ∩ Ker P , we have
In view of u ∈ dom L ∩ Ker P , P u u 0 0, thus
this shows that K P L| dom L∩ Ker P −1 .
Again since for i 0, 1, . . . , n − 1, we have
2.20
consequently, for i 0, 1, . . . , n − 1, we have
This completes the proof of Lemma 2.1. 
Then, for every e ∈ L 1 0, 1 , BVP 1.1 , 1.2 has at least one solution in C n−1 0, 1 provided that
Thus, there exists t 0 ∈ 0, ξ such that
2.29
This yields
2.30
If for some t 1 ∈ 0, 1 , |u t 1 | ≤ M, then we have
Otherwise, if |u t | > M for any t ∈ 0, 1 , from 2.30 and A 3 , we obtain
2.32
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2.33
Again, since u i 0 0, i 1, 2, . . . , n − 2, then for all t ∈ 0, 1 , we have
2.34
Thus
Therefore, we have
2.37
According to the conditions β j > 0 j 1, 2, . . . , n 1 , β j < 0 j n 1 
Thus from Lemma 2.1, we have
2.44
From 2.43 and 2.44 , we get
2.45
where c 1 M 1/α γ 1/ξ e 1 . If 2.23 j n−1 holds, then from 2.45 , we get
where c r 1 e 1 c 1 /Δ 2 . In view of 2.46 , we obtain
Again, u ∞ ≤ u , from 2.46 and 2.47 , one has
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In general, for k 2, 3, . . . , n − 2, we have 
2.50
Since σ ∈ 0, 1 , then from 2. Hence Ω 2 is bounded.
